We studied the expression of human serum albumin (HSA) driven by the ovine (3-lactoglobulin promoter in the mammary glands of lactating mice from five independent transgenic strains, by employing combined in situ hybridization and immunostaining techniques. Four strains displayed a heterogeneous pattern of expression: mice of strains 91 and 92 expressed the transgene in only a fraction of the lobules, whereas in strains 69 and 83 all lobules contained cells expressing IBA. In all four strains the patterns of expression within expressing lobules corresponded to the morphology of alveolar cells and to the extent of local milk secretion, suggesting that filling of alveolus with secreted material was accompanied by asynchronous downregulation of transgene expression. In situ hybridization to the endogenous milk protein genes a-lactalbumin, basein, and whey acidic protein revealed a uniform pattern of expression in lactating mammary glands of transgeneic and in four out of five nontransgeneic mice. In the fdth control mouse, we detected downregulation of gene expression in lobules containing alveoli distended by secreted milk. The pattern of expression of the three endogenous genes was greatly disturbed after a short (3-hr) unilateral closure of mammary glands, and very much resembled the pattern of expression of the HSA transgenes. These results demonstrate that transgeneic mice provide a useful model to study the factors that regulate the synthetic activity of mammary epithelial cells. (JtListochem Cytochem 43:%1470, 1995) 
Introduction
The mammary gland is a specialized skin derivative unique to mammals. Lactating mammary gland parenchyma contains many lobules consisting of alveoli clustered around the small duct that drains the lobule into the system of interlobular ducts. Epithelial cells lining the alveoli synthesize and secrete multiple components of milk, including several milk-specific proteins. For many of these proteins the gene sequences that encode them are known. The expression of milk protein genes in the mammary gland is tissue-specific, hormonally controlled, and is regulated by specific cell-cell and cell-extracellular matrix interactions. In addition, various growth factors play major roles at different stages of development (2,6,8,35).
To study the regulation of milk protein genes and to define czs- ' Correspondence ta Alexander Faerman, PhD, Inst. of Animal Science, ARO, Volcani Center, PO Box 6. Bet Dagan 50250, Israel.
acting elements conferring tissue specificity and hormonal control, extensive transgeneic studies have been performed. To this end, two types of gene constructs have been introduced into the mouse germ line, including native milk protein genes, such as sheep p-lactoglobulin (BE) (35), rat (3-casein (13) . guinea pig a-lactalbumin (17), and mouse whey acidic protein (WAP) (4). Second, hybrid genes have been introduced that contain the regulatory elements of milk protein genes fused to cDNA or genomic sequences of non-milk proteins (for review see 9.12). These studies revealed that, unlike the native milk protein, the expression of hybrid transgenes was generally unpredictable and varied considerably between strains, most probably due to the effect of chromosomal position and/or to insufficient control sequences. On the basis of ultrastructural studies and observations on cell membrane turnover related to fat globule membrane loss and encapsulated protein exocytosis (5,14,20,27), it was generally assumed that all epithelial cells within the lactating mammary gland produce and secrete all the components of the milk. Surprisingly, very little is known about the production and secretion of individual milk proteins at the cellular level. Recently, an interesting hetero-461 geneity in the mode of expression of endogenous ovine and bovine a-lactalbumin, a-Sl-casein, and lactoferrin (19) , as well as the exogenous guinea pig a-lactalbumin in lactating mammary gland of transgeneic mice (17), was reported.
We produced a large number of transgeneic mouse strains expressing human serum albumin (HSA) driven by the ovine BIG promoter, and demonstrated that 3 KB of the BLG 5' sequences are sufficient to confer high-level expression of HSA in mammary epithelial cells, with subsequent secretion (up to 10 mg/ml) into the milk (11, 32). We also demonstrated that mammary explant cultures synthesize and secrete HSA under the control of lactogenic hormones (1). Furthermore, using in situ hybridization we reported a homogeneous expression of the BIG-HSA transgene throughout the lactating mammary epithelial tissue in female mice of one of those transgeneic strains (strain 23) (32). In the present study, we employed combined in situ hybridization and immunocytochemical techniques to compare the patterns of accumulation of HSA RNA and protein to that of three endogenous milk protein genes (WAP, a-lactalbumin, and p-casein) in the mammary gland of several BIG-HSA uansgeneic strains and control non-wgeneic mice. This approach revealed a rather complex and apparently dynamic pattem of transgene expression, suggesting the existence of functional heterogeneity among the mouse mammary epithelial cells.
In contrast, the pattem of expression of the endogenous milk protein genes was in most cases uniform. However, the uniform pattern of endogenous gene expression could easily be altered by unilateral closure ofthe mammary gland. These results suggest that the apparently unpredictable and variable patterns of transgene expression could serve as powerful tools to unravel the control of milk protein gene expression in the mammary gland at the cellular level.
Materials and Methods
"sgeneic Animals. Generation and identification of transgeneic mice carrying different BLGlHSA expression vectors were described previously (32). In this study we used females from five independent transgeneic lines carrying four different gene vectors ( Figure 1 ). The level of HSA in the milk was 2.5 mglml in strain 23, 1.5 in strain 69, 5.0 mg/ml in strain 83, 2.5 mglml in strain 91. and 0.07 mglml in strain 92 (11).
Lactating mammary glands were dissected from primiparous females on Days 10-12 of lactation. Mice were narcotized by an IP Avertin overdose (10) and were perfused through the left ventricle with 20 ml of 4% paraformaldehyde in PBS (0.15 M NaCI, 0.05 M Na-phosphate buffer, pH 7.4). The inguinal mammary glands were excised, and after overnight post-fmtion in the same fixative at 4°C the tissues were dehydrated in a series of 70-100% ethanols, cleared in chloroform, and embedded in paraffin. Sections ( 5 pm) were then mounted on slides subbed with 3-aminopropyletoxysiane (Sigma; St Louis, MO) (37).
All animal work was done under the guidelines of the Animal Welfare Committee of the Volcani Center, in accordance with NIH guidelines and the Animal Welfare Act.
In Situ Hybridization. Tissue sections were dewaxed in xylene, rehydrated through a graded series of ethanols, rinsed in distilled water (5 min), and incubated in 2 x SSC (1 x SSC = 0.15 M NaCI, 0.015 M Na-citrate) at 70°C for 30 min. The sections were rinsed in distilled water and incubated with 2 pg/ml proteinase K in 0.2 M Tris-HC1, pH 7.4, 0.05 M EDTA at 37'C for 10 min. After proteinase digestion, slides were rinsed in distilled water, post-fixed in 4% paraformaldehyde in PBS (20 min), quenched in 0.2% glycine ( 5 min), rinsed in distilled water, rapidly dehydrated through graded ethanols, and air-dried for several hours. The hybridization mixture contained 0.3 M NaCI, 10 mM Tris-HCI (pH 7.5). 10 mM NaP04 (pH 6.8). 5 m M EDTA, 1 x Denhardt's, 10% dextran sulfate, 250 pglml total yeast RNA, 10 mM IYIT, 50% (v/v) deionized formamide, and 2 x lo4 cpm/pl of [3'S]-UTP-labeled riboprobe. Hybridization mixture (50-100 pl) was applied to each section, covered with Parafilm, and hybridized in a humidified chamber at 52°C for m16 hr. After hybridization, the Parafilm was floated off in 5 x SSC with 1% mercaptoethanol at 60'C and slides were washed at high stringency: 2 x SSC, 50% formamide, 1% mercaptoethanol at 65°C for 30 min. rinsed in 2 x SSC at 37'C (three times for 5 min), and treated with RNAse A (10 pg/ml) in 0.4 M NaCI, 0.01 M Tris-HCI (pH 7.5), 5 mM EDTA for 30 min at 37°C. The high-stringency washing step was repeated and slides were next washed in 2 x SSC and 0.1 x SSC (15 min each) at 37'C. At this stage, some of the slides were transferred into PBS and processed further for immunohistochemical staining (see below). and others, intended only for in situ hybridization, were rapidly dehydrated through ascending ethanols, containing 0.3 M NhAc, absolute ethanol without NhAc. and air-dried. For rapid assessment of the intensity of hybridization signal, Amersham 0-max film was applied to the slides and developed after overnight exposure. For microscopic autoradiography, slides were dipped in Kodak NTB-2 nuclear track emulsion diluted 1:l with double-distilled water and were exposed for 1 week in light-tight boxes containing desiccant at room temperature. Exposed slides were developed in undiluted Kodak D-19 developer and fixed in 20% sodium thiosulfate. Sections were lightly counterstained with hematoxylin and coverslipped. Dark-and brightfield photographs were taken in a Nikon Optiphot microscope and a Zeiss U-8 binocular microscope.
The protocol for non-radioactive in situ hybridization was essentially the same as for the radioactive in situ hybridization, except that digoxigeninlabeled riboprobes (0.4 pg/ml in hybridization buffer) were used instead of "S-labeled probes, and DTT and J3-mercaptoethanol were omitted at the hybridization and washing steps, respectively. After the final washing in 0.1 x SSC, sections were processed for immunohistochemical detection of the bound probe. The slides were washed in TBS (50 mM %is-HCI, 150 mM NaCI, pH 7.4) and blocked for 30 min with 3% normal goat serum (NGS) in TBS. The blocking solution was removed and anti-digoxigenin antibodies (sheep IgG F,b fragments, alkaline phosphatase-conjugated; Boehringer; Mannheim, Germany) diluted 1500 in blocking solution were applied. After 2-hr incubation, the slides were washed in three changes of TBS, once in alkaline phosphatase detection buffer (100 mM Tris-HCI, 100 mM NaCI, 50 mM MgC12, 0.5 mg/ml levamisol, pH 9.5) and subsequently incubated for 2 hr in a chromogen solution [alkaline phosphatase detection buffer containing nitroblue tetrazolium chloride (340 pglml), 5-bromo-4-chloro-~-indolyl-phosphate (175 pg/ml)]. Color reaction was stopped in TBS containing 50 mM EDTA. Slides were rinsed in distilled water, lightly counterstained with methyl green, and coverslipped with GVA mountant (Zymed Laboratories; San Francisco, CA)
Probe. The HSA cDNA used was described previously (35). The mouse cDNAs for WAP, a-lactalbumin, and P-casein were kindly provided by Dr. hthar Hennighausen and were recloned in the pGEM vector. Radioactive probes were labeled with [3'S]-UTP (Amersham; Amersham, UK) by in vitro transcription using an RNA transcription kit (Stratagene; La Jolla, CA) according to the manufacturer's protocol For non-radioactive in situ hybridization, digoxigenin-labeled anti-sense riboprobes were synthesized and quantitated using a DIG RNA labeling kit (Boehringer) according to the manufacturer's protocol.
Immunohistochemistry. For immunohistochemical staining, dewaxed sections and sections following the radioactive in situ hybridization step (see above) were washed in PBS ( 5 min) and incubated for 30 min in absolute methanol containing 0.3% H202 to inhibit endogenous peroxidase activity. The sections were immersed in PBS for 5 min and incubated for 30 min in PBS containing 3% normal goat serum and 0.5% BSA. The sections were sequentially incubated first with rabbit anti-HSA antiserum (Nor- Peroxidase activity was revealed by incubating the sections in TBS containing 0.5 M imidazole, 0.05% diaminobenzidine-HCI, and 0.01% H202 for 1-3 min. Sections subjected to the combined in situ hybridization and immunohistochemical procedures were processed for autoradiography as described above, while the rest of the sections were briefly washed in distilled water, lightly counterstained with hematoxylin, dehydrated through ascending ethanols, cleared in xylene, and cowrslipped.
Controls. Anti-sense HSA riboprobe gave no hybridization signal with mammary sections of control non-transgeneic mice. Sense riboprobes for WAP, a-lactalbumin, and 0-casein gave no hybridization signals on lactating mammary gland sections. Immunohistochemical controls included the application of anti-HSA antibodies onto non-transgeneic mammary sections, omitting the anti-HSA antibodies, or substitution with normal rabbit serum diluted 1:lOO-1:1000, and pre-incubation of anti-HSA antibodies with HSA (0.5 mglml). In all of these cases, no immunohistochemical staining was observed.
Comparison of sections immunostained after in situ hybridization procedure with serial sections immunostained immediately after dewaxing revealed that immunostainability & not impaired by the hybridization step. Likewise, comparison of sections that underwent the combined in situ hybridization and immunohistochemical treatment with serial sections subjected to in situ hybridization demonstrated only that immunohistochemical staining did not interfere with the hybridization signal detection by autoradiography.
Results

BLGHSA Gene l?anscri)ts in tbe Mammary Gland of Lactating Transgeneic Mice
To determine the mode of expression of different BE-HSA gene constructs in the mammary gland of lactating transgeneic strains,
we hybridized tissue sections with radioactively labeled anti-sense HSA cRNA. Figure 2 shows the hybridization patterns in the mammary gland of three transgeneic strains, as seen at low magnification. We have previously shown (35) a ubiquitous pattern of HSA expression throughout the mammary epithelium in transgeneic strain 23 (Figures 2A and 2B ). However, a more careful examination revealed relatively small variations in the intensity of the hybridization signal between and within alveoli. Different patterns of transgene expression were observed in four additional strains. In strains 91 (Figures 2C and 2D) and 92 (data not shown), HSA transcripts were detected in only a few regions within the gland, whereas in strains 69 (Figures 2E and 2F) and 83 (see Figure 4D ) there were regions in which HSA-expressing cells showing hybridization signals were in proximity to non-expressing cells lacking any detectable HSA RNA signal. These patterns of expression are very characteristic and are stably inherited by all lactating offspring of the corresponding strains.
Immunobistocbemical and In Situ Hybridization Analyses of BLGHSA Expression on the Same Tissue Section
To demonstrate the correspondence between the pattems of HSAexpressing cells at the RNA and protein levels, in situ hybridization and immunohistochemical staining were performed sequentially on the same sections. In strain 23, the vast majority of mammary epithelial cells were positive for HSA RNA and protein ( Figure  3A ), although there were some cell-cell variations in the intensity of the hybridization signals. Significantly, in some distended alveoli some strongly immunostained cells did not express HSA RNA (data not shown).
Considerably more complex patterns of immunostaining and in situ hybridization were observed in strains 69, 83, 91, and 92. The most striking phenomenon in all four strains was a mosaic pattern of expression, in which different alveoli within the same lob- ule exhibited distinct patterns of expression. Moreover, neighboring cells within the same alveolus demonstrated either the presence or the absence of immunostaining and/or hybridization signal. Fig  ure 3B shows a low-magnification micrograph of immunostaining and in situ hybridization in the mammary gland of lactating female of strain 69. At higher magnification ( Figures 3C-3F) , the variable patterns of HSA expression at the RNA and protein levels can easily be discerned. "Collapsed" alveoli contained no secreted material in which the immunostaining and hybridization signals always co-localized in epithelial cells lining the lumen, and the proportion of HSA-expressing cells varied considerably between neighboring alveoli ( Figure 3C ). Distended alveoli filled with intensely immunostained material were lined mostly by flattened cells that were heavily stained with the antibodies. In some of these alveoli, HSA RNA could be detected in all cells (data not shown), whereas in others only a fraction of the cells were positive ( Figure  3D ). Alveoli containing small amounts of immunostained material within the lumen were lined by intensely stained secretory cells of various morphologies, from flattened to cuboidal. Almost all cells in these alveoi expressed HSA RNA, although some individual cells that were strongly stained with anti-HSA antibodies did not appear to contain detectable levels of these transcripts ( Figure 3E ). Alveoli containing moderate amounts of immunostained material in the lumen were lined mostly by flat cells. These flat cells were only weakly stained by the antibodies, and the staining was usually concentrated in the apical part of the cells. No hybridization sig-nal could be detected in these cells. In addition, there were tall cells in which the entire cytoplasm stained strongly with antibodies, but only some of them expressed HSA RNA ( Figure 3F) . A similar pattern of HSA expression was found in lactating mice of transgeneic strain 83 (data not shown).
Whereas only a minor fraction of the lobules expressed the BE-HSA transgene in strains 91 and 92 (see Figure 2) , expressing lobules showed similar variable patterns of HSA RNA and protein as seen with strains 69 and 83 (data not shown). Significantly, in mammary glands of all lactating transgeneics analyzed, cells positive for HSA RNA were always positive for HSA protein, whereas some immunostained cells did not manifest detectable levels of the corresponding transcripts.
Of note is that luminal cells in single-and double-cell-layered mammary ducts also expressed the transgene. In strain 23 the hybridization signal and immunostaining were detected in all such cells. In strains 69 and 83 most luminal ductal cells expressed the transgene, and in strains 91 and 92 some ductal cells within expressing lobules also expressed the transgene. In all strains tested, the ducts most proximal to the nipple that were lined by multiple cell layers did not display the hybridization signal (data not shown).
The consistent non-uniform pattern of expression of the BE-HSA transgenes in several independent transgeneic strains could indicate a functional heterogeneity in the ability of mammary epithelial cells to express milk protein genes during lactation. Therefore, it was of interest to compare these patterns to those I ' ofthe endogenous milk protein genes. To this end, we studied the expression of the whey acidic protein, the a-lactalbumin and the p-casein genes in the mammary gland of these same five transgeneic strains (numbers 23,69.83, 91, and 92), as well as in five lactating non-transgeneic FVBlN mice by in situ hybridization with 3%labeled riboprobes. The three milk protein genes displayed uniform pattern of expression in transgeneic mammary glands. The same uniform pattern of expression, with only slight cell-cell variations in the level of expression, was observed in four of the five mammary samples of non-transgeneic FVB/N mice. Figures 4A and  4B show the hybridization pattern with the a-lactalbumin probe to a section of mammary gland of a non-transgeneic mouse. Figures  4C and 4D show the hybridization pattern with the WAP and HSA probes to serial sections of mammary gland of transgeneic strain 83. In the fifth non-transgeneic sample, a large region was composed of alveoli grossly distended by the secreted material accumulated within the lumina. Flattened cells lining these alveoli did not express detectable levels of a-lactalbumin transcripts and considerably fewer transcripts of WAP and p-casein genes than in other parts of the same gland (not shown). Significantly, secreted material within the lumina of distended alveoli stained with antibodies to a-lactalbumin (not shown) suggesting a downregulation of milk protein gene expression. A similar downregulation in a-lactalbumin gene expression in flattened cells lining distended alveoli was reported previously in the ovine mammary gland (19) .
The uniform hybridization signal with each of the studied milk protein probes was observed in luminal ductal cells in both singleand double-cell-layered mammary ducts (data not shown). A similar pattern of ductal expression was found in lactating ewe (19).
Expression of Endogenous MiZk Protein Genes in Unilaterally BlocRed Mammary Glands
The non-uniform pattern of BLG-HSA transgenes in most transgeneic strains and of the endogenous milk protein genes in some regions of the mammary gland of lactating mice could reflect a different sensitivity of milk-secreting cells to factors regulated at the level of single lobules or even of single alveoli. This, in turn, could be controlled by the degree of expansion of the alveoli due to accumulation of secreted material within the lumen. To determine whether mik stasis could alter the mode of expression of milk protein genes, without affecting systemic lactogenic stimuli provided by suckling, we transiently unilaterally blocked the mammary glands of non-transgeneic FVBlN mice. Adhesive tape was applied to the mammary glands on one side of the body and the mice were maintained with their pups for 3 hr. The blocked and control glands were then processed for in situ hybridization, using digoxigeninlabeled probes for the three mouse milk protein genes in serial sections. The results (Figure 5 ) clearly demonstrated a profound perturbation in the normal pattern of gene expression. It is striking that both blocked and open glands were affected. In the nursed glands, some regions still displayed a uniform cell-cell hybridization pattern, although the hybridization signals were weaker than in specimens from control mice (not shown). However, in other regions all three genes displayed a non-uniform pattern of expression. Some epithelial cells expressed significantly higher levels of the corresponding mRNA than their neighboring cells. The region shown in Figures 5A, 5C , and SE contains collapsed alveoli. A similar non-uniform pattern was observed in partially distended alveoli (not shown). Comparison of serial sections of this hybridized region to the three probes revealed that the majority of cells expressing high levels of one gene transcript also expressed high levels of the other two. This may reflect the general elevated synthetic and possibly secretory activity of these cells compared with neighboring non-expressing cells.
The patterns of gene expression in the blocked mammary glands were somewhat different. Some lobules showed no signs of milk stasis, and the uniform hybridization pattern was maintained. Other lobules contained alveoli profoundly distended by the secreted material accumulated within their lumina. In these alveoli, the patterns of expression differed for the three genes. Figures 5B, 5D , and 5F show serial sections hybridized to the three probes. Clearly, blocking milk outflow led to a significant decrease in the abundance of a-lactalbumin transcripts in almost all the cells lining the distended alveoli. In contrast, the WAP hybridization signal was uniformly intense throughout the section, and the p-casein hybridization signal was observed in all the cells, with some cell-cell variations in the level of expression. This demonstrates that the control of expression of the three genes is not coordinated.
Discussion
In this study we employed in situ hybridization and immunohistochemistry to analyze the mode of expression of BIG-HSA fusion genes in five transgeneic strains. Our results clearly demonstrate a dramatic heterogeneity in the pattern of BE-HSA gene expression in the mammary gland of four of the five transgeneic strains analyzed, characterized by a mosaic interor intralobular pattern of BLG-HSA expression within the mammary gland epithelium. The interlobular variation was most pronounced in strains 91 and 92 and was characterized by the presence of expressing cells in only a fraction of lobules. In contrast, all mammary lobules of strains 69 and 83 appeared to contain expressing cells. Intralobular or intercellular variations were observed in strains 91 and 92, as well as in strains 69 and 83. Therefore, HSA-expressing (RNA or protein) cells were intermingled with non-expressing cells. These variations could not be explained by mosaic integration of the transgenes (36), since all animals tested were at least F1 transgeneics. Analysis of the same sections by the combined in situ hybridization and immunohistostaining revealed the presence of cells expressing HSA protein but not RNA in lactating mammary glands. The appearance of such cells could not be attributed to artifactual penetration of immunoreactive material from the lumen back into the cell cytoplasm during fixation and/or processing of the tissue, since in some RNA-negative cells the cytoplasmic staining was more intense than in the lumen (e.g., Figure 3F ).
Two possible explanations can be considered for the heterogeneous patterns of BE-HSA expression. The first is random and irreversible inactivation of the integrated transgene (e.g., by methylation, rearrangement or excision). Similar cellular mosaicism in transgeneic mice was demonstrated for other cell types (3,18,25,  34,38) . McGowan et al. (18) suggested that this mosaicism is due to a mosaic pattern of transgene methylation. Mammary parenchyma develops from a single ectodermal bud (31), and inactivation occurring at distinct stages of mammary development could result in a distinct proportion of expressing cells andlor lobules at the peak of lactation. Thus, HSA protein-positive-RNA-negative cells could represent cells caught immediately after the transgene was inactivated in the lactating gland.
Alternatively, the non-uniform pattern of transgene expression within the lobuli could reflect an intrinsic property of the mammary tissue, i.e., cyclical or periodic activation of milk proteins genes. In this case, collapsed alveali (Figure 3C ) could represent the onset of the secretory cycle and the asynchronous activation of the transgene in the cells of the same alveolus. The pattern shown in Figure  3E The non-uniform pattern of expression is not unique to the BLG-HSA transgene. A heterogeneous pattern of expression was also demonstrated for the a-lactalbumin and a-SI-casein genes in the ovine mammary gland (19) . which may suggest cyclical activation of milk protein genes.
The pattern of expression of the endogenous milk protein genes in the murine lactating mammary gland is uniform (see also 15,29). Nevertheless, at least in one sample distended alveoli were free of hybridization signal. suggesting the downregulation of transcription caused by local milk stasis. Moreover, our results with the unilaterally blocked mammary glands demonstrate that milkproducing cells can respond rapidly to changes in milking regimens by controlling gene expression. Although females in which half their glands were blocked by adhesive tape could nurse their pups from the unblocked glands, their behavior was disturbed and initially they did not allow suckling at all. Apparently, this resulted in mild milk stasis and downregulation of milk protein gene expression. Resuming suckling may be a trigger for the upregulation of gene expression. This upregulation appears to be asynchronous in the cells lining the "empty" alveoli ( Figures 5A, IC, and SE) . and the pattern of gene expression was strikingly similar to the pattern of BLG-HSA expression in the same type of alveoli (see Figure 3C) .
The apparently uniform pattern of expression of some murine milk proteins under a natural suckling regimen might be due to an interplay between periodic changes in transcription and stability of the corresponding mRNAs. Therefore, relative instability of HSA RNA in some transgeneics could reflect cell-to-cell variations in the level of some positive or negative trans-acting factors. It was WAP (A,B) , Nasein (C,D) . and a-lactalbumin (E,F). Bar = 10 pm.
demonstrated that the control of transcription in milk-secreting cells is negatively regulated by the inhibitor of lactation, a secreted milk protein partially inhibiting protein synthesis and the constitutive protein secretion (26). The DNA-binding activity of the mammary gland-specific factor is also negatively regulated by milk stasis (30).
Although no morphological differences between alveolar cells in murine mammary gland were reported in the classical study of Sekhri et al. (31) , several immunohistochemical studies suggest that some differences occur. Studies of prolactin intemalization in lactating rat mammary gland had shown that the initial steps ofprolactin incorporation and intracellular translocation occur asynchro-nously in the cells within the alveolus (21-23). Loizzi and Shao (16) reported different distributions of tubulin in the cytoplasm of neighboring cells in alveoli of lactating mammary gland of guinea pig. Recently, variations in the content of mammary gland-derived growth inhibitor were found between alveolar cells in lactating mammary gland of cows and mice (7). Parry et al. (24) revealed uneven staining of alveolar cells with monoclonal antibodies to Muc-l mucin in mammary glands from pregnant and lactating mice, which was characterized by non-uniform sialylation of the antigen. Significant alveolus-to-alveolus variations were also reported for the native guinea pig a-lactalbumin in transgeneic mice (17).
Finally, although no definite conclusion can be drawn regarding the mechanisms involved in establishing the heterogeneous pattern expression of the BLG-HSA gene, we suggest that both mechanisms, inactivation of the transgene (predominantly an interlobular effect) and functional heterogeneity between alveolar cells (an intralobular effect), delineate the expression patterns observed. We believe that the intralobular heterogeneous mode of expression of the BLG-HSA transgene unveils intrinsic properties of the mammary tissue. The expression of the B E -H S A transgene appears to be more sensitive than the endogenous milk protein genes to changes in the transcription activity within the mammary secretory epithelium. Therefore, transgeneic mice offer a powerful tool to study the functional heterogeneity between milk-producing cells and to dissect the mechanisms underlying this heterogeneity. 
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